The progressive neuropathology involved in dementia frequently causes a gradual decline in communication skills. Communication partners who are unaware of the specific communication problems faced by people with dementia (PWD) can inadvertently challenge their conversation partner, leading to distress and a reduced flow of information between speakers. Previous research has produced an extensive literature base recommending strategies to facilitate conversational engagement in dementia. However, empirical evidence for the beneficial effects of these strategies on conversational dynamics is sparse. This study uses a timeefficient computational discourse analysis tool called Discursis to examine the link between specific communication behaviours and content-based conversational engagement in 20 conversations between PWD living in residential aged-care facilities and care staff members. Conversations analysed here were baseline conversations recorded before staff members underwent communication training. Care staff members spontaneously exhibited a wide range of facilitative and non-facilitative communication behaviours, which were coded for analysis of conversation dynamics within these baseline conversations. A hybrid approach combining manual coding and automated Discursis metric analysis provides two sets of novel insights. Firstly, this study revealed nine communication behaviours that, if used by the care staff member in a given turn, significantly increased the appearance of subsequent content-based engagement in the conversation by PWD. Secondly, the current findings reveal alignment between human-and computer-generated labelling of communication behaviour for 8 out of the total 22 behaviours under investigation. The approach demonstrated in this study provides an empirical procedure for the detailed evaluation of content-based conversational engagement associated with specific communication behaviours.
Introduction
Dementia is a common and significant health condition. Within the last 13 years, the number of people living with dementia worldwide has doubled from an estimated 24.3 million people in 2006 [1] to 47.5 million people reported in 2015 [2] . In addition to impaired memory functioning [3] [4] [5] [6] , one of the hallmark characteristics of dementia is a progressive decline in language skills [7] [8] [9] [10] [11] [12] [13] [14] contributing to reduced quality of life in people with dementia and increased carer stress and burden [12, 13, 15, 16] . As the condition progresses, the main communication partners for people with dementia are typically their family and carers at home or residential aged care facility staff, with the overall opportunity for conversations being reduced [17] . Therefore, people with dementia commonly face a dual disadvantage of declining language skills coupled with a lack of spontaneous opportunities for conversational interaction [18] , which puts them at risk for social isolation.
Engagement in meaningful conversations is important to the wellbeing of both people with dementia and their caregivers, but people involved in the care of people with dementia often require instruction and feedback to elicit and maintain those conversations [17] . To enhance the quality of life of people with dementia and quality of care, several publications have focussed on providing strategies for the improvement of communication between people with dementia and their conversation partners (see [16, 19, 20] for reviews). One recently published set of strategies is the MESSAGE training programme developed by communication experts at The University of Queensland, Australia [21] [22] [23] .
Recommended communication behaviours in dementia care
Informed by research findings on the specific communication support needs of people with dementia, the MESSAGE programme outlines communication strategies and specific communication behaviours for carers that are suggested to encourage conversational engagement with the person with dementia as well as preventing conversational breakdowns [23] . Two previous investigations have highlighted that the MESSAGE programme, together with its accompanying strategy set for memory support (RECAPS), was deemed a highly useful and applicable training tool by nursing home care staff [24] , and resulted in increased perceptions of positive aspects of care-giving in training recipients [25] . Notwithstanding the favourable perceptions of the programme among care staff, it has not been empirically verified to date whether the spontaneous use of these recommended communication behaviours measurably facilitates conversational engagement between people with dementia and their conversation partners. Therefore, the current investigation set out to examine whether spontaneous, pre-training instances of the use of communication behaviours that are representative of the MESSAGE strategies co-occur with instances of content-based conversational engagement. 'Contentbased conversational engagement' in this investigation is defined as instances in a conversation where the same terms are being shared between speakers, as opposed to instances of no content-based conversational engagement where two conversation partners talk to each other without engaging with each other's content. In an effort to generate replicable, objective data to evaluate content-based conversational engagement in the current study, Discursis [26, 27] , a computer-assisted tool for discourse analysis, was employed in conjunction with traditional transcript coding techniques.
qualitatively or quantitatively assess a given conversation within the theoretical framework of choice. Therefore, discourse analysis has long been inextricably linked to time-consuming, taxing work, with the common additional limitation of poor generalizability of findings outside a given analytical paradigm [35] .
The advent of computer-assisted qualitative data analysis software (CAQDAS) provides a novel powerful approach for automating the previously labour-intensive process of detecting, labelling and quantifying discourse behaviour of interest. Apart from offering a relief from the burden associated with manual coding, CAQDAS-based discourse analyses can deliver rapid, replicable and objective output for the quantification of conversational interactions, for example the amount of semantic similarity in utterances exchanged between two speakers [26, 27] . Finally, computer-assisted tools are ideally suited to analyse larger bodies of data where manual, conventional coding procedures are not possible or feasible.
Automated discourse analysis using the Discursis software
The Discursis software [26, 27] is an automated text-analytic tool that allows the investigator to visualise and quantify communication behaviour as two or more speakers engage in a conversation. Previous research has successfully used Discursis to characterise conversation dynamics associated with successful versus unsuccessful doctor-patient consultations [36] and open disclosure conversations about adverse events at hospitals [28] , as well as interaction dynamics in television interviews and telephone calls [27] . Furthermore, in a recently published analysis of the current dataset, it was demonstrated how Discursis could be used to qualitatively visualise conceptual engagement between people with dementia and care staff [37] . This approach facilitated the visual identification of topics within a conversation that led to engagement of the person with dementia and rich interaction between both speakers through sharing the same terms.
Apart from being a conversation visualisation tool, Discursis can be used to provide quantitative measures of multiple aspects of conversation behaviour, expressed as a set of 'Discursis metrics' (see [27] for details). The software tool processes a conversational transcript by detecting and quantifying the recurrence of terms or concepts throughout the conversation. For each turn in a conversation, the software counts how often, after being first introduced, a given term or concept is referred back to, either by the speaker who first brought it up (self-recurrence) or by their conversation partner (other-recurrence). Furthermore, Discursis counts how much the content of each turn in a conversation recurs in forthcoming turns. Once a conversation has been processed in Discursis, metrics of interest can be exported from the software for subsequent statistical analysis.
Study Aims
While the communication strategies included in the MESSAGE programme are firmly grounded in theory and informed by empirical research into communication needs in dementia [21] , the current knowledge does not extend into an understanding of content-based conversational engagement associated with the use of each recommended strategy. Qualitative and traditional human-coded conversational analysis techniques tend to make it difficult to objectively assess conversational dynamics across large datasets and identify strategies that support conversations. Therefore, the present study's aims are (i) to empirically identify communication behaviours that, if used by carers, elicit content-based conversational engagement in people with dementia; and (ii) to contribute to the current understanding of the link between computer-assisted output and human coding procedures in the evaluation of content-based conversational engagement between two speakers. Two different series of analyses were conducted to address these aims. Both series of analyses relied on Discursis to efficiently identify instances of content-based conversational engagement in the dataset under investigation.
Analysis 1 aimed to answer the following research question: Is there a link between carer communication behaviour and subsequent content-based engagement of the person with dementia in the conversation? For this analysis, it was hypothesised that spontaneous carer use of specific communication behaviours, as outlined in the MESSAGE training programme, would result in an increased likelihood of content-based engagement by the person with dementia throughout subsequent turns.
Analysis 2 aimed to answer the following research question: Does the computer-generated output of instances of content-based engagement by the care staff reflect human-generated codings of specific facilitative behaviours? It was hypothesised that some communication behaviours would show alignment with Discursis-indicated content-repetition. For example, care staff member behaviour coded as 'Active listening', which is defined as care staff restating content provided by the person with dementia, was hypothesised to align with Discursis metrics of other-repetition. It was furthermore hypothesised that a subset of communication behaviours might entail dynamics that the Discursis metrics used in the current analysis cannot express (e.g. 'Humour' where an utterance contains humorous content).
Materials and Methods

The dataset
Twenty conversations between people with dementia (PWD) living in residential aged care facilities and care staff members (CS) were analysed for the purposes of the current study. The data were recorded as part of a larger research project investigating carer use of strategies for memory and communication support in dementia [24] . Conversations reported here constitute baseline recordings made before any carer training on the MESSAGE strategies had occurred, that is, the current dataset reflects spontaneous communication behaviour by the CS in their conversations with PWD. All procedures were approved by The University of Queensland Human Research Ethics Committee, the service providers' Human Research Ethics Committees and by the representatives of participating residential aged care facilities. All investigations were conducted according to the principles expressed in the Declaration of Helsinki.
Participants. Participants in the conversations were 13 women and 7 men with dementia, along with 14 CS. Prior to research participation, written consent was provided by all CS and PWD and assent was sought from each CS and PWD on the day that the conversations were being recorded. For those PWDs who could not legally provide informed consent on their own behalf and who assented to participating after learning about the study, a legally authorised person provided written consent on the PWD's behalf.
Inclusion criteria for PWD were a diagnosis of dementia listed in their chart and being a resident at one of the residential aged care facilities involved in the research. Eligible participants with dementia were recruited via information letters sent to the resident's family by the managers of the four not-for-profit residential aged care facilities in Queensland, Australia, that supported this research. The majority [15] of PWD who participated had previously been diagnosed as Dementia Not Otherwise Specified, where no specific underlying pathology or disease process was identified, four PWD had a diagnosis of vascular dementia, and one PWD had been diagnosed with Alzheimer's Disease.
Participating people with dementia were aged 72 to 94 years (mean = 87.4, SD = 4.8). Scores obtained on the Mini-Mental State Examination [38] on the day of testing ranged from 3 to 27, indicating severe cognitive impairment in ten, moderate impairment in nine and mild impairment in one participant [39] . No participants were excluded due to scores obtained on the MMSE or other screening tests.
Care staff members had to meet the inclusion criteria that they worked and had direct contact with PWD as part of their role at the residential aged care facility. Those who met the inclusion criteria were invited to participate in the study by their managers or via flyers. In the larger project, 68 care staff members were involved, but only 20 people with dementia could be recruited to complete the baseline conversations.
The CS were three men and 11 women and were either personal care or nursing assistants (12), nursing staff (1) or diversional therapy staff (1) . Of the seven CS who disclosed their age, six were aged between 45 and 59 years and one CS was in his early twenties. Ten of the CS participated in only one conversation, two of the CS were recorded having two separate conversations with two different PWDs, and another two CS participated in three separate conversations each, giving a total of 20 conversational dyads. Dyads were formed pragmatically, based on which of the recruited carers at a given residential aged care facility were available for a conversation at a time that suited the recruited residents with dementia. In each dyad, the conversation partners knew each other beforehand.
Person with dementia-care staff conversation recordings. Each dyad was recorded individually. During the conversation, the PWD and CS were seated in a comfortable familiar setting, either in the resident's room at the aged care facility or in a shared lounge area. Prior to the conversation, a research assistant (RA) asked the CS member and the PWD to have a conversation about a topic or topics of their choice for approximately ten minutes. Conversations were recorded using an Olympus DS-30 digital voice recorder placed in close vicinity of the speakers. The recordings varied in length from 5:04min to 13:01min (mean = 9:04min, SD = 2:19min) depending on the PWD's willingness to continue the conversation.
On several occasions, the dyads were interrupted by other staff or residents that were not involved in the research, and had not noticed that the PWD and CS were taking part in a research recording. These typically short interruptions were marked in the transcripts and excluded from analysis. All recordings were transcribed into written text using a modified Jeffersonian transcription [40] , and entered into SALT (Systematic Analysis of Language Transcripts) Research Version [41] for initial analysis of communication behaviour use by CS. The notation relevant to interpretation of the text and the preparations of transcripts for input to SALT were identical to the procedures described in a previous publication on this dataset by Baker and colleagues [37] .
Labelling of individual utterances
Communication behaviour labelling by communication experts. The final SALT conversation transcripts were analysed by authors ERC and RB for a range of communicative behaviours consistent with MESSAGE strategy use. Each utterance was manually labelled for spontaneous use of these communication behaviours by the CS by inserting a behaviour label in brackets. Because no video-or meta-data was recorded alongside the conversations to record non-verbal parameters, behaviours pertaining to non-verbal acts were not coded here (e.g. reducing distractions to maximise attention, and body language and expression). In addition to marking facilitative communication behaviour use, the two communication experts also marked non-facilitative communication behaviours that represented a lack of communication support when required or specifically non-facilitative behaviours, such as interrupting. Table 1 provides examples and definitions of the 22 facilitative and 13 non-facilitative communication behaviours coded in the dataset, together with details on the frequency of their spontaneous use collated for all CS participants. Quantifying conversational engagement using Discursis. For each of the 20 conversations, the SALT-prepared and communication behaviour labelled conversation transcript was exported from the SALT format into a comma-separated file that contained each line of text as a row in a column, assigned to the respective speaker who made the utterance (CS or PWD). This conversation data was subsequently loaded into Discursis, creating a separate project for each conversation, to assess the unique recurrence of content between two speakers within a given conversation. In line with previously optimised Discursis processing parameters for this dataset [37] , term-based recurrence for a maximum of 200 terms was chosen, and a list of stopwords was fed into the Discursis processor to ensure semantically empty terms such as 'no', 'hmm' and 'yeah', as well as potentially ambiguous terms such as 'right' and 'like' were not included in the computation of shared recurrence between speakers. Additionally, the Discursis option to automatically detect meta data, such as the coded communication behaviour labels provided in brackets within each turn, was enabled, which meant that for each utterance line, the Discursis output file would attach a label if a particular coded behaviour occurred in a given utterance. Following these initial steps, the transcripts for each conversation were processed in Discursis, resulting in 20 datasets that detailed for each conversation and each utterance who spoke (CS or PWD), what was being said (text), results for six different Discursis metrics of interest (see below) as well as Discursis-provided metadata labels of coded communication behaviour per utterance. These highly detailed individual conversation datasets were subsequently collated to form a single dataset containing utterance-by-utterance data on all variables of interest. The final dataset had a total of 3,460 observations (single utterances) available for analysis.
There are twelve basic variables that can be exported as part of the Discursis quantitative analysis, termed the Discursis primitive metrics (primitives). Each primitive expresses recurrence occurring along a unique combination of three recurrence dimensions: time scale (short-, medium-, long-term), direction (forward, backward) and type (self, other). Short-term metrics express conversation behaviour between two consecutive turns, either in relation to one's own turn ('self backward short' and 'self forward short') or the other speaker's immediately preceding or following turn ('other backward short' and 'other forward short' respectively). Medium-range metrics are calculated on the basis of ten turns in either direction, and long-range metrics are calculated across all turns within a conversation. Depending on the research question of interest, various Discursis primitives can be used individually for analysis, but it is also possible to combine the Discursis primitive metrics as building blocks for the computation of novel variables that reflect a given conversational behaviour under investigation [27] .
The conversational behaviour of interest in the current investigation is the sharing of content between two speakers, which is quantified in metrics pertaining to 'other'-recurrence. To account for content-based conversational engagement across multiple time dimensions, the current investigation will focus on 'other' recurrence in the short-, medium-and long-term across the conversation. Given that the communication behaviours of interest (MESSAGE strategy related behaviours) relate specifically to CS communication, corresponding labels were present only on CS turns, and therefore it was the CS turns that were of particular interest for the current turn-wise investigation.
From the perspective of the CS turns, the 'other backward-short, medium and long' metrics indicate whether or not the CS is engaging with PWD content across the different timescales. The 'other forward-short, medium and long' metrics from the CS perspective indicate whether or not PWD is engaging with CS content. Table 2 provides an example of how CSother-related metrics correspond to term-recurrence in consecutive utterances in a CS-PWD conversation, alongside corresponding binary labels (Yes or No) indicating for each CS turn whether other-related recurrence was present or not in the short-, medium-and long-range.
Using these metrics from the perspective of the CS, the Discursis-based outcomes relating to conversational engagement and the presence or absence of coded communication behaviour by CS could be analysed in relation to one another within each turn. It is important to note that by default, Discursis counts instances of short-term recurrence into the computation of medium-and long-term recurrence and instances of medium-term recurrence into long-term recurrence. Therefore, medium-term recurrence was only coded for if it occurred in isolation from short-term recurrence and long-term recurrence was only coded for if it occurred in isolation from short-and medium-term recurrence (see Table 2 ).
Statistical analysis
Analysis 1: Which communication behaviours elicit PWD engagement? In order to assess whether communication behaviours that are representative of MESSAGE strategies cooccurred with Discursis-indicated PWD engagement with CS content, a series of logistic regression analyses was performed. In separate analyses, each coded communication behaviour was entered as a predictor variable of short-, medium-and long-range PWD engagement, performing separate analyses for each range. The dependent variables of interest in the statistical analyses performed for analysis 1 were three binary variables indicating whether or not PWD was engaging with CS content (CS-other forward short, CS-other forward medium, and CSother forward long; see Table 2 ).
Analysis 2: Alignment of human and computer-generated labelling. In order to assess whether there was overlap between communication behaviours and CS engagement with Conversational Dynamics in Dementia: Automated Analysis previous PWD content, a second series of logistic regression analyses was performed. In separate analyses, each of the facilitative or non-facilitative communication behaviours were entered as a predictor variable of short-, medium-and long-range CS engagement, performing separate analyses for each range. The dependent variables of interest in the statistical analyses performed for analysis 2 were three binary variables indicating whether or not CS was engaging with PWD content (CS-other backward short, CS-other backward medium, and CS-other backward long; see Table 2 ). Both in analysis 1 and analysis 2 only communication behaviours that occurred in 1% (18 turns) or more of all CS turns were included (see Table 1 for frequency of communication behaviour use).
Results
Analysis 1: Which communication behaviours elicit PWD engagement?
Out of the total of 22 facilitative and non-facilitative communication behaviours that were included in the analysis, nine of the facilitative communication behaviours were found to significantly increase the likelihood of PWD content-based engagement in the short-, medium-, and/or long-term, while one facilitative behaviour was found to significantly decrease the likelihood of PWD engagement. None of the five non-facilitative communication behaviours included in the analysis had a significant impact on PWD engagement. Table 3 provides results obtained for analysis 1.
Communication behaviours associated with computer-identified PWD engagement. Relying on the p-value, odds ratio and probability combined for interpretation of the results (see Table 2 ), the use of 'Answer content' was found to be the strongest predictor of subsequent PWD engagement, with a 30% probability of subsequent short-term PWD engagement if the behaviour occurred (p < . Facilitative communication behaviours that elicited medium-term PWD engagement were 'PWD knowledge' (17%, p = < .001, OR = 3.419), 'Use name' (16%, p = .003, OR = 3.1505), 'Self disclosure' (13%, p = .039, OR = 2.367) and 'Active listening' (9%, p = .022, OR = 1.683), while long-term PWD engagement was predicted by 'Self disclosure' (22%, p = .001, OR = 3.020), 'PWD topic' (19%, p = .034, OR = 2.487), 'Humour' (19%, p = .034, OR = 2.487) and 'Active listening' (14%, p = .001, OR = 1.991).
A visualisation of the impact of CS communication behaviour on subsequent PWD engagement can be found in Fig 1, showing term-based engagement before and after the CS used 'PWD knowledge', which was found to predict short-and medium-term PWD engagement. Spontaneous use of this behaviour was coded whenever the CS mentioned information relevant to the PWD's life and interests known to CS prior to the conversation (see Table 1 for communication behaviour definitions). Fig 1 presents a zoom -in view of a Discursis plot of an excerpt from a conversation between CS and PWD. Utterances made by CS are presented as blue boxes and utterances made by PWD are presented in red. The diagonal of blue and red boxes running from the upper left to the lower right corner represents the time course of the conversation and the space under the diagonal indicates whether PWD is engaging with CS content (blue/red shaded boxes under the diagonal) and whether CS is engaging with PWD content (red/blue shaded boxes under the diagonal). Single-coloured boxes under the diagonal indicate self-recurrence.
In the initial twelve utterances shown in Fig 1, the CS and PWD utterances lack conceptual richness and mutual sharing of content. From turn 13 onwards, the dynamics change and content-based engagement is present in relation to the PWD's habit of going for walks. This content-based engagement was likely elicited because in turn 13 CS used prior knowledge about walking that he or she has about the PWD to discuss a familiar topic, i.e. CS uses the coded behaviour 'PWD knowledge'. Predictors of a lack of PWD engagement. None of the five non-facilitative communication behaviours under investigation were found to significantly affect the probability of PWD engagement. However, one of the facilitative behaviours ('Verbal acknowledgment') was found to be a significant predictor of a lack of content-based PWD engagement in subsequent turns in the medium-range (3%, p < .001, OR = .342) and long-term (6%, p = .004, OR = .556). 'Verbal acknowledgment' was defined as instances in a conversation where CS provided nonlexical ('mmh') or phrasal ('did you?') backchannelling responses to the PWD.
Analysis 2: Alignment of human-and computer-generated labelling
Eight facilitative behaviours out of the total of 22 facilitative and non-facilitative communication behaviours included in the analysis were found to reliably co-occur with CS engagement with PWD content. Two additional facilitative behaviours were found to predict an absence of CS engagement with PWD content. Table 4 provides results obtained for analysis 2.
Communication behaviours that reflect computer-identified CS referral to PWD content. As can be derived from Table 4 , the strongest link between human-and computer-generated coding of specific communication behaviours was found between 'Active listening' and backward short-term engagement of the CS with preceding PWD content (51%, p < .001, OR = 20.411). Another communication behaviour that reliably co-occurred with shortterm engagement by the CS was 'Visual topic' (26%, p = .037, OR = 2.270). Communication behaviours that reliably involved CS backward medium-term engagement were 'PWD Topic' (36%, p < .001, OR = 11.056), 'Work out' (21%, p < .001, OR = 4.900), 'Answer content' (16%, p .001, OR = 3.446), 'Rephrase' (13%, p = .038, OR = 2.548) and 'Give time' (10%, p = .005, Conversational Dynamics in Dementia: Automated Analysis OR = 2.092). Long-term CS engagement by CS with PWD content was found for 'PWD Topic' (31%, p < .001, OR = 5.003), 'Self disclosure' (24%, p < .001, OR = 3.621), 'Rephrase' (19%, p = .013, OR = 2.563) and 'Give time' (12%, p = .046, OR = 1.594). A visualisation of the dynamics between CS communicative behaviour use ('Work out') and CS medium-term engagement with previous PWD content can be found in Fig 2. Predictors of a lack of CS engagement. Similar to the results obtained in analysis 1, the use of 'Verbal acknowledgment' was found to be a significant predictor of a lack of engagement, in this case CS engagement with PWD content (5%, p < .001, .228). Additionally, it was Conversational Dynamics in Dementia: Automated Analysis found that CS use of 'Active listening' was associated with a lack of CS engagement with PWD content in the long-term (5%, p = .001, .500).
Discussion
The current study applied a hybrid approach, combining human-and computer-generated labels of conversational utterances, in order to examine conversation dynamics between PWD and CS at residential aged care facilities. The first of the two aims of this study was to examine whether specific communication behaviours used by the CS are linked to subsequent contentbased engagement in the conversation by the PWD. It was hypothesised that the spontaneous use of facilitative communication behaviours would result in an increased likelihood of content-based engagement by the person with dementia across subsequent turns.
Communication behaviours linked to PWD engagement with CS content
A first series of analyses (analysis 1, see Table 3 and Fig 3) revealed that several communication behaviours outlined in the MESSAGE programme [21, 23] were indeed effective in eliciting content-based conversational engagement with people with dementia in the short-, mediumand long-term time-scales, following the turn in which the CS displayed the communication behaviour. As a reminder, short-term refers to utterances within one turn prior or subsequent to a current turn, while medium-term refers to utterances ten turns prior or subsequent to a current turn and long-term refers to all utterances prior or subsequent to a current turn. Out of the communication behaviours that were found to be effective in analysis 1, a distinction can be proposed between behaviours that emphasise the interpersonal relational aspects of conversation and compensatory behaviours that prompt for a choice, response or continuation of a narrative.
Interpersonal and individualised aspects of conversation. Previous qualitative research has established that warm interpersonal relationships are an important aspect of dementia care [42] . The current findings support and expand this assertion with quantitative results suggesting that communication behaviours that contribute to creating an interpersonal bond in a conversation increase the probability of the person with dementia's content-based engagement in the conversation. Results indicated that when staff used communication behaviours that promote the interpersonal and individualized aspects of conversation, specifically, 'Self disclosure', 'PWD knowledge', 'PWD topic', 'Humour' and 'Use name', PWD tend to engage with content in the conversation. These communication behaviours reflect instances of the CS sharing information about CS' own life, contributing information to the conversation that will be familiar to the PWD and reflecting prior knowledge about the PWD's interests and habits, CS taking up topics initiated by the PWD, CS trying to keep the conversation good-humoured and CS using PWD's first name.
If the CS drew upon his or her previous knowledge about the PWD to contribute to the conversation ('PWD knowledge'), probabilities of PWD engagement with content from the CS utterance were 19% for short-term and 17% for medium-term engagement. If the CS referred to topics that the PWD mentioned earlier in the conversation ('PWD topic'), a 19% probability of long-term engagement by the PWD with those CS utterances was found. This provides specific evidence to support suggestions that the use of familiar information or topics is beneficial for engaging a person with dementia [23, 37] .
Sharing of personal details by the CS within a conversation ('Self disclosure') elicited medium-and long-term PWD engagement at probabilities of 13% and 22%, respectively. This finding suggests that when staff use content about their own lives, it encourages the PWD to engage back with this CS content throughout the remainder of the conversation or at least eleven utterances forward from the CS utterance where the self disclosure occurred. Humorous CS utterances ('Humour') were found to elicit subsequent long-term PWD engagement at a 19% probability, suggesting that humour could be successfully used to establish rapport.
Use of the person's first name was associated with medium-term engagement, i.e. after hearing their name uttered in a staff member's turn, there was a 16% probability that the PWD would share the content of that CS utterance anywhere across the subsequent ten turns. The increased occurrence of medium-term engagement likely reflects a successful orientation of the PWD's attention to the conversation [21] , which lasts throughout the medium-, but not the long-term. Therefore, it can be argued that, in addition to creating a personable atmosphere in a conversation, the CS use of the PWD's name might also have provided a compensation for attention deficits [23] .
Together, these findings comprise empirical evidence to support the concept that interpersonal/relational aspects of communication can assist with topic engagement. Overall, these results indicate that when care staff relate with the person using interpersonal and individualised communication behaviours in a conversation, the probability of PWD content-based engagement in the conversation is increased.
Effective support via direct and indirect prompts. In addition to the above-mentioned communication behaviours that focus on a warm, personal bond between conversation partners, behaviours that prompt the PWD for a choice, response or continuation of a narrative, directly ('Answer content', 'Rephrase question', Active listening') or indirectly ('Give time') were also effective in eliciting PWD topic engagement. CS paraphrasing of PWD content ('Active listening') was found to elicit PWD engagement in the short-, medium-and longterm, indicating that the paraphrasing of previous PWD content by the CS might assist PWD with topic maintenance from one turn to the next, as well as within ten turns and throughout the remainder of the conversation. Behaviours that support PWD to respond to questions, including the provision of answer content within the question ('Answer content') by the CS, the rephrasing of questions ('Rephrase question') as well as the use of pauses after CS questions to permit sufficient time for a response ('Give time') was found to elicit PWD engagement within the subsequent turn (short-term). These results suggest the success of specific communication behaviours involving questions in supporting a content-based response from PWD.
These findings are congruent with previous reports of increased PWD responsiveness in interactions involving rephrasing and repetition by a conversation partner [43] and previous reports of the benefits of providing sufficient time for PWD to respond [44] . However, it is noteworthy that other behaviours involving rephrasing and clarification mechanisms, such as 'Rephrase' and 'Work out' were not found to be significant predictors of PWD engagement. This is likely to be linked to subtle differences in the focus of these communication behaviours. Specifically, that they seek to repair difficulties with understanding of the other person's previous utterances either by PWD ('Rephrase') or CS ('Work out'), and therefore has a backwards trajectory. While those question support behaviours are designed to support subsequent response utterances. This is reflected in findings of analysis 2.
Verbal acknowledgment: lack of content to share? Another finding that was somewhat unexpected was the significant link between CS use of 'Verbal acknowledgment'-a behaviour classified as facilitative-and an absence of PWD engagement with content from the CS turn where this behaviour occurred. However, the explanation of this link is likely to lie in the fact that, by definition, 'verbal acknowledgment' utterances lack referential meaning. Therefore these utterances would lack terms for Discursis to include in the computation of metrics, and content for PWD to take up in their subsequent utterances. (for an example, see CS turns in Fig 1) . Any expansion in a CS utterance beyond non-lexical or phrasal back-channelling would have been coded as a behaviour other than 'Verbal acknowledgment', such as, for example, 'Active listening' or 'Work out', according to the communicative behaviour definitions ( Table 1) .
Summary of findings (analysis 1). To summarise the discussion of analysis 1, it was found that nine behaviours out of the 22 total communication behaviours that are aligned with the MESSAGE strategies are associated with content-based engagement of the PWD, and one is associated with a lack of content-sharing. The current findings of short-term engagement in relation to behaviour involving rephrasing, paraphrasing, suggesting content, and provision of pauses is not surprising given the communication behaviours they represent. It is those behaviours that elicited medium-and long-term PWD engagement that are particularly noteworthy for their discourse-building effect during conversations with PWD.
Considering the prevalence of memory problems in dementia, which can impair the person's skills in discourse topic maintenance [14, 45] , it is of particular interest that the occurrence of medium-and long-term PWD engagement was found to be probable to this extent when 'PWD knowledge', 'PWD topic', 'Self disclosure', 'Humour', 'Use name' and 'Active listening' were used. An overview of communication behaviours that care staff members can use to encourage shortterm and medium-/long-term content-based engagement is provided in Fig 3. Alignment of human-and computer-generated labelling Analysis 2 aimed to investigate whether computer-generated output of instances of contentbased engagement by the care staff reflect human-generated codings of specific facilitative behaviours. It was hypothesised that some communication behaviours would show alignment with Discursis-indicated content-repetition while other communication behaviours might entail dynamics that the Discursis metrics used in the current analysis cannot express. There are numerous communication behaviours that relate to a CS member's ability to take up content that the PWD has previously used, in order to engage with the PWD, such as 'Active listening', 'PWD topic' and 'Work out'. Therefore, it was hypothesised that a Discursis analysis would be able to capture the use of these behaviours through the CS-other-backward metrics.
Metrics are sensitive to differences in the time course of repetition reflected in human coded behaviours. Findings obtained in analysis 2 (see Table 4 and Fig 3) did indeed reveal a significant co-occurrence of Discursis-indicated shared backward recurrence and CS communication behaviour use characterised by elements of content uptake. These included 'Active listening', 'PWD topic' and 'Work out'. Of particular interest is the success that Discursis-metrics had in differentiating between behaviours that are human coded due to immediate repetition ('Active listening'), compared to communication behaviours coded for repetition of content used further back in the conversation ('PWD topic' and 'Work out').
Specifically, the human coded occurrences of 'Active listening' behaviour showed a 51% probability of also being marked as short-term CS-other-backward engagement. This finding was expected, considering that 'Active listening' is coded when the CS repeats or rephrases immediately preceding PWD content. In contrast, instances of repeating or rephrasing of utterance content several turns prior to a given CS utterance would have been coded by human raters as 'PWD topic' or 'Work out' (see Table 1 ). 'PWD topic' is defined as an instance where the CS refers back to content previously provided by the PWD in order to encourage PWD's narrative. Findings reflect that use of this communication behaviour was indeed associated with a 36% probability of medium-term and a 31% probability of long-term CS engagement with previous PWD content. 'Work out' is defined as an instance where the CS refers back to PWD content to seek further clarification (see Fig 2) . Occurrences of this communication behaviour were associated with a 21% probability of medium-term CS engagement with previous PWD content. The differences in findings of short-versus medium-/long-term engagement for these particular behaviours indicate that Discursis metrics have been sensitive to the differences in time course of repetition that is reflected in the human coded behaviours.
Reasons for incomplete overlap: term-based versus concept-based Discursis modes. Another aspect of these metrics that is of interest is the proportion of overlap. It may at first be expected that these communication behaviours that are defined as the uptake of content from the PWD would overlap with CS-other-backward metrics at close to 100%. This was not the case. 'Active listening' had the highest proportion of overlap at 51%, with 'PWD topic' at 36% and 'Work out' at 21%. A likely explanation for these levels of overlap would be related to the use of term-based mode in the current Discursis analysis.
Using the term-based analysis approach, CS-other-backward was only coded by Discursis if the if the CS repeated one or more of the exact words that were used by the PWD. Therefore, instances where the CS may still have taken up content from the PWD turn, but paraphrased the wording would not have been identified as term-based recurrence by Discursis. Interestingly, the pattern of decreasing proportion of direct term-based overlap between 'Active listening' and the other communication behaviours ('PWD topic' and 'Work out') found in the current analysis suggests that CS are more likely to use the same terms in immediate repetition, compared to recurrence in the longer term ('PWD topic') or when trying to paraphrase unclear information ('Work out').
The overlap of the Discursis and human coding occurrences may be increased in the future by replicating the current analysis in the concept-based mode of Discursis where semantic association is used to build synonymous groups of words that are recognised as recurrence. It is important to note, though, that the application of the term-based mode in the current analysis was purposefully chosen. Due to the relative paucity of overall terms and semantic concepts in the current conversations, the Discursis concept-based mode was deemed inappropriate because the conversation datasets lacked the semantic richness to create the internal language model that the concept-based mode relies on to compute recurrence of concepts.
Novel insights into the dynamics of the communication behaviours that are part of the MESSAGE programme. The current analysis also found that some communication behaviours that are not specifically linked with content uptake by the CS in their definition were still linked with CS-other-backwards Discursis metrics. This analysis has therefore led to consideration of the role of content uptake by the CS within the application of other communication behaviours that are recommended by the MESSAGE training programme.
Firstly, the 'Visual topic' communication behaviour was associated with short-term CS engagement with PWD content (26% probability). 'Visual topic' is marked when the CS is using photos and other visual cues to facilitate the interaction, but the behaviour is not specifically linked with either party initiating content. This finding might reflect that the use of the visual cue can be accompanied by PWD content, which is subsequently picked up by the CS in conjunction with referring to the visual cues in the room (e.g. photos on the wall), or the presence of the cue assists the CS to pick up the content from the PWD.
Another communication behaviour that is not defined by its relationship with PWD content but has been found to be associated with long-term CS engagement with previous PWD content is 'Self disclosure'. This behaviour is marked when the CS member provides information about themselves or their own experiences. This finding highlights that CS may be relating their own experiences to content initiated by the PWD earlier in the conversation, which may be an across conversation behaviour for cohesion, or that by drawing upon information that the PWD has previously used in conversation the CS attempts to facilitate the comprehension of the PWD.
Per original definition, 'Rephrase' and 'Answer content' are not characterised by their relationship to PWD content, but by their relation to CS' own content, i.e. CS self-repetition. 'Rephrase' was coded when the CS reworded his or her own utterance from a given CS turn to CS' immediately subsequent turn in response to a lack of understanding or uptake from the PWD. 'Answer content' was marked when the CS suggests possible answers to CS' own question within CS' own turn, to assist the PWD with word-finding. Both communication behaviours were associated with medium-term CS engagement with previous PWD content and 'Rephrase' was also associated with long-term CS-other-backward engagement. The lack of association with short-term engagement suggests a sensitivity of Discursis to the definition of these behaviours, i.e. any short-term repetition around the occurrence of these communication behaviours would more likely be reflected in CS-self-backward, rather than CS-otherbackward.
The findings of associated medium-and long-term CS-other-backward recurrence might suggest that CS members are referring back to previous content from the preceding ten (or more, for long) PWD turns when applying these behaviours. This finding may indicate a desire by the CS to build cohesive discourse and maintain topic across the conversation. It might also be that the CS are using broader strategies (not linked to individual utterances) by drawing upon information that the PWD has previously used in the conversation to facilitate comprehension of the PWD.
The final communication behaviour that was associated with CS engagement with PWD content was 'Give time' in the medium-and long-term. This finding was somewhat unexpected as the behaviour has a forward trajectory, wherein its influence is considered to be on the following utterance after the time is given. The 'Give time' behaviour is marked on utterances where the CS posed a question and was marked in the current dataset with a particularly high frequency (used 204 times, see Table 1 for frequencies of all communication behaviours within the current dataset), likely with a high degree of co-occurrence with other behaviours. It is suggested that these factors may lead to the 'Give time' behaviour often co-occurring on utterances with other behaviours that are more specifically linked with content sharing, and therefore with CS-other-backward metrics. Alternatively, it could be speculated that, as the 'Give time' is linked with medium-and long-term engagement, the provision of time to respond to questions allowed the PWD to produce more content in their turn, subsequently leading to the CS having more PWD-initiated content to engage with over the course of the conversation.
Verbal acknowledgment: lack of content to share? Similar to the findings obtained in analysis 1, 'Verbal acknowledgment' was associated with a lack of engagement (short-term). The explanation of this result is likely to be the same: turns that contain non-verbal back-channelling utterances would lack terms for Discursis to include in the computation of metrics. If the CS was merely providing a verbal acknowledgment in a given turn without interrupting the PWD's narrative, it is likely that this CS turn would not share PWD content.
Summary of findings (analysis 2). In summary, analysis 2 revealed that Discursis was successful in identifying communication behaviours that are characterised by CS uptake of PWD content, and was sensitive to the time course differences between these behaviours. The findings also reveal that further consideration is required for the role of content uptake for some behaviours that are not primarily defined by the role of CS engaging with PWD content. Specifically, CS might rely on behaviours that involve using recurring topic themes across the time course of the conversation to facilitate topic cohesion, or comprehension of content by the PWD.
Limitations and future directions
The current analysis is limited to the assessment of term-based sharing between speakers, which cannot encapsulate other important conversation parameters, such as voice tone, eye contact, physical contact, facial expression and gestures, which are all additional important contributors to conversations between people with dementia and their conversation partners [43, [46] [47] [48] [49] [50] [51] . Furthermore, the analysis performed in this study included one-off baseline conversations, without information on changes in CS and PWD communication behaviours posttraining of the CS with the MESSAGE programme. Finally, the short and accidental interruptions by others might potentially have unnecessarily disrupted the conversations, affecting topic maintenance, which could have been avoided by recording in a more secluded environment.
The approach presented here can assist in automatically generating novel and crucial feedback for carers in any setting where training and ongoing assessment of communication skills is desirable. For example, transcripts of training sessions where carers are engaging in conversations with a given patient group of interest (or an actor, hired to simulate a given condition) could be processed in Discursis to provide objective visual and quantitative feedback on conversation parameters of interest. Discursis plots and metrics output are also well-suited in any settings where it would be helpful to keep track of progress in communicative abilities over time.
Following the current provision of an approach to empirically measure communication dynamics in relation to communication behaviour use, a future focus on pre-and post-training dynamics might provide further insights into the efficiency of each of these communication behaviours in facilitating content-based engagement as well as response to training in individual trainees. Finally, the Discursis metrics assessed were the primitive Discursis metrics only. These metrics might not capture certain conversation behaviours as adequately as more tailored metrics, which focus on recurring motifs within a conversation rather than simple backward and forward recurrence. Therefore, a future focus on the creation of tailored Discursis metrics that more specifically reflect conversation behaviours relevant to the MESSAGE training programme might be beneficial.
Conclusion
The current study demonstrates the added merit and limitations of a computer-assisted text analysis tool in assessing content-based conversational engagement in health care settings. First, communication behaviours that enhance content-based engagement by people with dementia could be identified, including those that support the interpersonal relational aspects of conversation and those that compensate for linguistic impairments associated with dementia. Second, Discursis was found to reliably align with several human codings of communication behaviour. Finally, the current analysis sparked a re-consideration of the role of content sharing for some of the communication behaviours that are part of the MESSAGE communication training programme for carers of people with dementia.
